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Assessment of category of the rock burst
hazard for the Charmitan gold deposit
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Abstract The article analyzes the results of studying the physical-
mechanical properties of the rocks of the Charmitan gold deposit
(Uzbekistan) and estimates the liability of the deposit to rock bursts. It is
shown that there are rocks and ores at the deposit with high strength
properties that are capable to accumulate significant potential energy and
undergo brittle failure. It is concluded that the Charmitan field, by the
physical-mechanical parameters of host rocks, belongs to the category
characterized by the manifestation of rock pressure in a dynamic form.
Keywords: rock burst, stress field, physical and mechanical properties of
the rock, brittle failure, geomechanical condition, rock-bump hazard
specific index, geodynamic hazard

1 Introduction

Underground mining of the mineral deposits with tough geological conditions and at great
depths is associated with the increase of pressure in the rock massif. Ensuring safe and
effective mining in these conditions is of great importance for development of the mining
industry.

The adverse geological conditions include the heterogeneity of the geological structure, the
presence of high unequal tectonic (horizontal) stresses, high rock pressure at great depths.
These conditions promote the development of dynamic manifestations of rock pressure.
Distinctive features of rock pressure dynamic manifestations, especially that of rock bursts
and tectonic rock bursts, are their suddenness and great destructive power. Their
manifestation causes significant physical and social sequences to mines and results in
lengthy stoppages of operation due to the need to execute the large-scale postaccident work
[1-11].

The problem of rock bursts in world’s mining has existed for over 100 years. Currently,
rock bursts and bumps occur in more than 70 fields globally. The strongest rock bursts were
recorded at the Kolar deep gold mines in South India, the Witwatersrand deposits in South
Africa, where mining operations are carried out at a depth below 3,000 m. Rock bursts have
been also reported at the mines of the United States, Canada, China, Uzbekistan, they
occurred in Europe in the mines of Austria, the Czech Republic, Poland, UK [12-18].
Tectonic rock bursts are accompanied by fault wall displacements with an amplitude of tens
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of centimetres [19-22]. Strong rock bursts manifest themselves as earthquakes and also
cause environmental damage [23-24]. Geodynamic processes affect the condition of
infrastructure and communications on the surface [25-29]. In the CIS countries (Former
Soviet Republics), first-ever rock bursts were recorded in the 40s of the XX century in
Kizelovsky coal basin. Later, in the 60s, rock bursts were recorded in underground
development of ore deposits (Tashtagolskoye, Oktyabrskoye, Severouralskoye bauxite
mine, etc.) [1]. Hence, from the late 70s the forecast and prevention of rock bursts has
become a relevant issue for a number of underground mines in the CIS, including
Uzbekistan.

Literature review and data analysis shows that in any present day hypothesis of causes and
mechanism of rock bump, its central core is the concept of the accumulation and abrupt
release of the rock elastic energy. Specialists admit that elastic energy in the rock
accumulates in the abutment zones developed at and around underground excavations.
Significant distinctions between different authors in the interpretation of the mechanism for
the occurrence of rock bursts are, in fact, the following questions: which key factors trigger
brittle failure of rock; what is the interaction between these factors and what is the role of
each factor in any given geological and mining conditions of the deposits.

2 Analysis of the geomechanical conditions at Charmitan
mineral deposit

As is known, the key natural factors that contribute to manifestation of rock pressure in a
dynamic form are:

- the ability of the rock mass to undergo elastic deformation and accumulate potential
energy of elastic deformations;

- propensity of ore (rock) for brittle failure;

- high level of stresses acting on the contours of development headings, production
workings and in pillars.

Deposits or their parts (mineral a’ different levels) are categorized into non-hazardous,
prone to rock bursts and hazardous for rock bursts [30, 31]. Deposits of ore and rock with
high elastic properties and brittle nature of failure are included into the 'liable to rock bursts'
category.

The ability of the rock mass to accumulate elastic energy is determined by the ratio of
elastic deformation and total strain at the moment when tested for compression samples of
ore and rock collapse. The brittle nature of failure is understood as the ability of rock to
suddenly release the potential energy of elastic deformations accumulated in the process of
loading when the latter reach their ultimate stress state. The liability of rock to brittle failure
is established by the ratio of the elastic modulus E and the drooping modulus M, which
characterizes the extreme deformations of the collapsing rock. Consequently, in order to
predict hazardous dynamic effects at the Charmitan mine field (Figure 1), the first thing to
do is to make an assessment of the key factors that make the greatest impact on the
manifestations of ground pressure in a dynamic form.
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Fig. 1. Geological map of deposit

The authors studied physical and mechanical properties of the host rock of the
Charmitan deposit and calculated the rock-bump hazard coefficients to determine the
geomechanical condition of the field. The host rock of the Charmitan gold deposit is
typically represented by quartz-mica schist, hornfels, granosyenite and syenite, Figure 1.

Faults are represented by two groups: faults that run longitudinally and parallel to the
folded structures and those that run arriswise. Longitudinal faults are associated with linear
mode of folding and usually confined to the fold wings. Their planes are slanted towards
the general fall of the layers. Morphologically, they represent shifts.

3 Results

Physical and mechanical properties of the surrounding rock of the field are presented in the
Table 1.

The rock-bump hazard rate for the area is defined using rock-bump hazard specific

index KRB:

- over 0.8 — extra high hazard;

- between 0.7 and 0.8 — high hazard;

- between 0.6 and 0.7 — non-hazardous category.

As is obvious from Table 1, almost the entire lithological complex of host rocks and
ores has a sufficiently high strength and elasticity. Uniaxial compression strength ccmpr
can be as high as 180 to 196 MPa, Young's modulus is E = (4.8 + 8.5)*104 MPa. The rock
of this field has the ability to accumulate potential energy of elastic compression and
become liable for brittle failure in a dynamic form with mean hazard index (KRB) over 0.7,
which corresponds to the high hazard category. There are also rocks and ores at the
Charmitan deposit with high strength characteristics that can accumulate significant
potential energy and undergo brittle failure. These rocks include quartz-mica schists,
granosyenites and syenites.
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Table 1. Physical and mechanical properties of the surrounding rock margins.

Rock-
bump
Uniaxial | Rock haza'rd
Density, ucs, tensile | brittle | Young | o . specific
Rock type strength, | ness modulus . index,
t/m3 MPa ’ E*10* ratio Kz
MPa (conditi
onal
unit);
Cro?rrls‘zi' (2,502,53) | (13651595 | (8,1:96) | 1,5 | 28557 | (023:030) | oo
gramed 2,52 144,9 /8.6 : /4,8 /0,23 :
granosyenite
Df;‘ﬂ:f (2,67+2,70)/ | (952+185,1) | (89+13, | ¢ (3.5+7.6) | (0,1570.26) | g
grat . 2,68 /108,0 4)/11,1 : /5,6 /0,21 :
granosyenite
Fine grained | (2,55+2,60)/ | (122+133)/1 | (9.6+13, | || ¢ (3.6+6,1) | (0.11+028) | o0
granosyenite | 2,58 26,8 1)/10,9 : /5,0 /0,19 :
Carbonaceous . ) )
<hale (2,60+2,65)/ | (142,0+169.0 | (12415 | | ¢ ) ) 0.91
e 2,63 )/150,9 ,3)/14,0 : :
silicified
Horny slate (2,67+2,72)/ | (196,7+2524 | (13,2516 | |, (4.748,0) | (0,19+030) | o
2,69 1/206,9 4)/14,9 : 16,3 /0,26 .
Quartz vein (2,63+2,70)/ | (136,0+183.2 | (5.9+11, | o (7.689) | (0,09+0,13) | o,
2,66 )/156,2 3)/8,0 . /8,5 /0,11 :

Note: brittleness factor is calculated by the formula K =c_compr/c_tension

4 Conclusions

To sum up the cited research data on physical and mechanical properties of the host rock at
the Charmitan deposit, it can be concluded that the rocks of the deposit differ significantly
in their lithological composition and on the whole, have reasonably high strength and
elastic characteristics, which indicates their ability to accumulate significant amount of
potential energy. Syenite contained in many rock varieties make them highly fragile and
liable to failure in a dynamic form. In general, in terms of physical and mechanical
parameters of the host rock, the Charmitan gold deposit is ranked as a burst hazardous
deposit.
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